Abstract. The perturbative properties of parton distributions generated radiatively from a valence-like input at some low resolution scale are discussed with the aim of explaining the physical aspects underlying the reliability of the predicted distributions in the small-x region. Aspects of higher-twist (shadowing) effects as well as small-x resummations are discussed. Utilizing recent improved data at x > 10-2 and a factorization scheme in which the heavy quarks c, b, ..., are not entailed among the intrinsic (massless) parton distributions, we readjust our valencelike input and provide parametrizations of the slightly modified dynamical LO and NLO (MS, DIS) predictions for parton distributions.
Introduction
The original attempt [1] to generate purely dynamically all gluon (9) and sea (cj = ~, d, g) distributions merely from measured valence densities was based on the extreme boundary conditions at Q2 = #2 with # = O(A), 2) = 2) = 0
in order to avoid any free additional parameters and assumptions in the perturbative renormalization group (RG) evolution to Qz > #2. This approach works qualitatively well and yields, in particular, the remarkable parameter-free prediction [1] for the momentum fraction carried by gluons, lloxg(x, QZ)dx~'0.45 at Q2=
1 -5 GeV 2. Quantitatively, however, the resulting predictions disagree with experiment since the detailed x-dependence of 9(x, Q2) and cj(x, Q2) turns out to be much too steep in the small-x region [2, 3] and thus too soft at larger values of x in disagreement with constraints imposed, for example, by the data on direct-photon production.
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This purely dynamical approach based on (1) would be indeed physically compelling if the valence distributions q~(x, Q2), qo _ q _ (1, were identified with the constituent quarks in the proton. However, partonic quark distributions should rather be identified with the current quark content of hadrons. Therefore (1) is not expected to be adequate and is replaced by the assumption that the seaquarks and gluons follow the valence-quarks [3] at some low resolution scale #, or more generally [4 6] 1
representing some valence like (~,~'> 0) structure at Q = #. Note that the valence-like ansatz is in fact dictated by the obvious positivity requirement for the parton distributions down to the low Q2= #2~_(3A)Z. Here the gluonic and antiquark (sea) partons are conceived as being frozen upon the valence current quarks 2 (the shapes of their x-dependence, in particular the one of the dominant gluon, turn out to be indeed very similar [4, 5] ) at the scale Q = # dividing the non-perturbative regime (Q < #) from the perturbative one (Q > #). They are thus supposed to share the momentum distribution features of the (current!) valence-quark patton distributions.
Experience supports this latter view since the almost unique radiative (dynamical) predictions [4, 51, resulting from the valence-like input in (2), being mainly due to the QCD dynamics and independent of any free (fit) parameters in the small-x region, x < 10-2, seem to be confirmed, for the time being, by all present experimental ep, 7P and 77 data [8] [9] [10] [11] . Due to this, several questions were raised recently (see, for example, the review and summary talks in [12] ) concerning the reliability of this somewhat "unbelievable" approach and the reasons for its seeming i Due to the gluonic hyperfine interaction (~Z-diagrams' in which gluons connect one quark to another), intrinsic (input) gluon and sea-quark distributions are expected to be always non-vanishing [7] . In the next-to-leading order (NLO) (2) was implemented in the MS factorization scheme 2 These stuck-together objects form the constituent quarks! [8, 10] are shown as well. The LO and NLO heavy quark (charm) contributions have been calculated via the 7*9 --+ cd and 7*9, 7"q(s --* c8X fusion subprocesses [15, 16] , respectively, using m~ = 1.5 GeV. These LO and NLO charm contributions, F~ , are shown separately as well success which we attempt to further clarify in Sect. 2. In Sect. 3 we discuss the implications of some moderate modifications of the valence-like input which are based on improved data at x >~ 10-2 but do not significantly affect the (steep) radiative predictions at x < 10-2. This is a continuation and completion of the work started in [3] and generalized to a valence-like input in [4] , which has been improved in [5] , except that now we adopt a factorization scheme in which the heavy quarks (h = c, b, ... ) are not included among the massless parton distributions of the nucleon. Finally we present simple analytic parametrizations of the resulting theoretical (dynamical) predictions for the parton distributions in LO and NLO (MS, DIS) in the Appendix.
Qualitative properties
As stated in the Introduction we now list the qualitative properties characterizing the radiatively generated ('dynamical') parton distributions based on a valence-like input, as exemplified in (2), and their successful predictions in the small-x region: (i) Perturbative reliability. Since the radiative RG-evolution starts at a low evolution scale Q =# with #-~ 3A (typically #Lo -~ 0.5 GeV and #NLO -~ 0.55 GeV where the gluons and antiquarks in the nucleon are valence-like [4, 5] ) one may wonder whether a perturbative treatment at such low momentum scales is admissible and reliable. Superficially such an objection is seemingly correct, but so far no one really knows 3 the range of validity of perturbative QCD. This can be studied, as usual, only by a pragmatic approach trying to find out by methods of trial and error where this perturbative limit actually is. For the present case we find that the perturbative expansion para-3 Recent lattice calculations of ~ fi'om first principles [13] confirm the perturbative NLO (2-loop) predictions for cq(Q 2) down to Q -~ 0.55 GeV -~ # meters are indeed sufficiently small by comparing the perturbative stability of our predictions in the leading (LO) and next-to-leading (NLO) order. This stability results not only from ~s(/~2)/rc = 0.2 ~ 1, but also from the particular shapes of the 1-and 2-loop splitting functions p(O)(x ij , ) and P}~)(x), respectively, as well as from the particular (different) shapes of the LO and NLO input patton distributions f(x, #2) where f= q, c7, 9. These perturbatively stable predictions refer always to measurable quantities like F2 (x, Q2) etc. rather than to the auxiliary, not directly measurable, NLO parton distributions f(x, Q2) as illustrated in Figs. 1 and 2 . The 'perturbative instability' of the latter quantities, i.e. fLo (x, Q 2) # fNLo(x ' Q2) as exemplified in Fig. 2 , should be expected and even tolerated: Despite the sizeable difference of LO and NLO sea and gluon distributions in the small-x region 4 in Fig. 2 , the sea (~i) dominated structure function F~ p in Fig. 1 and its gluon dominated (~'9 ~ c6, etc.) heavy quark contribution F~ show a remarkable perturbative stability, which will be even improved in most cases by our slightly modified analysis to be discussed in Sect. 3. A similar (even more pronounced) perturbative NLO stability is also obtained for other directly measurable quantities such as for example --2,~b --L~~ , ~(pp--+ c8X) and ~(pp ~ bbX) all the way up to multiTeV energies [15] .
It should, however, be remarked that the (finite) perturbative small-x predictions for 9(x, Q2), s Qa), 4 It has been speculated [14] that this difference might become even more pronounced if one goes beyond the NLO, using rudimentary (partly guessed) NNLO (~) and NNNLO(c~) asymptotic (x -~ 0) expressions for the P~/s and the same input parton distributions at each perturbative order. Apart from this incorrect treatment of the input distributions and the inadequacy of the asymptotic "l/x approximation" for the presently attainable small-x region (see point (v) below), such an approach is likely to be misleading because of our ignorance of full NNLO and NNNLO perturbative expressions for all splitting functions Pij as well as of the corresponding Wilson coefficients. Thus, for the time being, a full perturbative analysis can only be performed up to NLO (e~)
